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(57) A sample solution including blood components
is processed with a denaturalization reagent comprising
a nonionic surface-activating agent and an oxidizing
agent to denaturalize a hemoglobin derivative in the sam-
ple solution, and thereafter, an immunoassay is perform-
ing utilizing an antibody that is specific to a denaturalized
site of the hemoglobin derivative to measure the amount
of the hemoglobin derivative in the sample. Therefore,
when performing assay of hemoglobin derivative, denat-
uralization of hemoglobin can be performed speedily and
reliably while minimizing adverse effects of the denatu-
ralization reagent on immune reaction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
measuring hemoglobin derivative in a blood sample, and
a reagent composition, a measurement kit, an analysis
device and an analysis system which are to be used in
the device. More particularly, the invention relates to a
technique for denaturalizing hemoglobin speedily and re-
liably.

BACKGROUND ART

[0002] Glycated hemoglobin as one of hemoglobin de-
rivatives is an item that is often measured for early de-
tection of lifestyle diseases, because the glycated hemo-
globin enables determination of a blood sugar level in
normal condition, excluding an influence of variation in
blood sugar due to a meal. The glycated hemoglobin is
also referred to as hemoglobin Alc, and it is hemoglobin
included in blood erythrocytes, to which glucose is bond-
ed. The glycated hemoglobin is quantified as an abun-
dance ratio of glycated hemoglobin to hemoglobin.
[0003] As a glycated hemoglobin measurement meth-
od, there is a method utilizing immune reaction. The
measurement method utilizing immune reaction is per-
formed as follows. Initially, a blood sample is hemolyzed
to extract hemoglobin out of blood erythrocytes. Next, in
order to determine whether the hemoglobin is non-gly-
cated hemoglobin or glycated hemoglobin, the cubic
structure of the hemoglobin is changed to expose a gly-
cated portion of hemoglobin protein from the cubic struc-
ture to the outside (denaturalization of hemoglobin), and
further, the glycated portion is reacted with an antibody
that specifically recognizes the glycated portion, thereby
to immunologically measure the amount of the glycated
hemoglobin.
[0004] As an example of a hemoglobin denaturaliza-
tion method, there is a method of denaturalizing hemo-
globin with negative ions in a lithium salt form (refer to
Patent Document 1). To be specific, in an analysis meth-
od for measuring a specific hemoglobin derivative in a
blood sample, (a) the blood sample is processed with a
dissolution/denaturalization reagent, thereby dissolving
blood erythrocytes, and denaturalizing a detectable
amount of the derivative which is released from the blood
erythrocytes, and (b) a resultant mixed solution is tested
by immunoassay with respect to the amount of the de-
naturalized hemoglobin derivative that exists in the mix-
ture solution. This method uses, as the dissolution/de-
naturalization reagent, negative ions in a lithium salt form
which can dissolve the blood erythrocytes and denatu-
ralize the hemoglobin derivative, and thereby the disso-
lution and the denaturalization of the hemoglobin deriv-
ative can be achieved speedily with the lithium salt con-
centration that does not significantly interfere with the
immunoassay process.

[0005] Further, as another denaturalization method,
there is a method of denaturalizing hemoglobin with a
thiocyanate compound (refer to Patent Document 2). To
be specific, this method is an analysis method for meas-
uring a relative amount of a specific hemoglobin deriva-
tive in a blood sample, and comprises (a) a process of
obtaining a denaturalized blood sample by processing a
blood sample with (i) thiocyanate salt that can denatu-
ralize substantially all hemoglobin existing in the blood
sample, and has a concentration of 0.5~0.6M in the sam-
ple, and (ii) an oxidizing agent that can transform sub-
stantially all hemoglobin existing in the blood sample to
a form of methemoglobin, (b) a process of quantifying
the methemoglobin in the denaturalized blood sample,
(c) a process of quantifying a specific hemoglobin deriv-
ative in a denaturalized form in the denaturalized blood
sample by immunoassay, and (d) a process of associat-
ing the test results obtained from the processes (b) and
(c).
[0006] Furthermore, as still another denaturalization
method, there is a method of denaturalizing hemoglobin
with an ionic surface-activating agent (refer to Patent
Document 3). To be specific, this method is a method for
measuring a content of a hemoglobin derivative in a blood
sample, and comprises (a) processing a blood sample
with a hemolysis reagent including an ionic abluent hav-
ing a pH of 5~9.5, at a temperature of 4~37°C for up to
ten minutes, and (b) immunologically measuring a he-
moglobin derivative in the blood sample in which the he-
moglobin derivative is hemolyzed.
Patent Document 1: Japanese Published Patent Appli-
cation No. Hei.3-51759
Patent Document 2: Japanese Published Patent Appli-
cation No. Hei.1-155268
Patent Document 3: Japanese Published Patent Appli-
cation No. Hei.6-11510

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] As described above, there are various methods
for denaturalizing hemoglobin, and the respective meth-
ods have both merits and demerits. For example, in the
method using lithium salt or thiocyanate compound which
is disclosed in Patent Document 1 or Patent Document
2, since reagents such as lithium thiocyanate which is
most preferable, potassium thiocyanate, and ammonium
thiocyanate have very high deliquescent properties,
these reagents required careful handling. Further, since
these reagents are difficult to keep dry, when they are
held in devices or the like, they must be separated from
reagents that will be degraded by humidity. Thus, these
reagents are subjected to great restrictions in construc-
tion methods.
[0008] Further, in the method using an ionic surface-
activating agent which is disclosed in Patent Document
3, since the strong protein denaturalization effect of the
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ionic surface-activating agent adversely affects the im-
mune reaction system after the hemoglobin denaturali-
zation process, it is necessary to perform plural stages
of operations including diluting the hemoglobin denatu-
ralization solution with a buffer solution or the like, and
then mixing the diluted hemoglobin solution with an im-
mune reaction reagent. Such complicated measurement
method is inconvenient, and moreover, variation in dilu-
tion may cause errors of measured values. Furthermore,
the dilution operation makes it difficult to constitute a sim-
ple measurement system.
[0009] The present invention is made to solve the
above-described problems and has for its object to pro-
vide a hemoglobin derivative measurement method
which can perform denaturalization of hemoglobin
speedily and reliably while reducing adverse effect of de-
naturalization reagents on immune reaction when meas-
uring an amount of hemoglobin derivative, and further, a
reagent composition, a measurement kit, an analysis de-
vice, and an analysis device which are to be used for the
measurement method.

MEASURES TO SOLVE THE PROBLEMS

[0010] In order to solve the above-mentioned prob-
lems, according to the present invention, there is provid-
ed a hemoglobin derivative measurement method includ-
ing a step of processing a sample including blood com-
ponents with a nonionic surface-activating agent and an
oxidizing agent to denaturalize hemoglobin in the sam-
ple.
[0011] Therefore, a speedy and reliable hemoglobin
denaturalization effect can be obtained while minimizing
influence on immune reaction.
[0012] Further, in the hemoglobin derivative measure-
ment of the present invention, a hemoglobin derivative
that is denaturalized by the processing with the nonionic
surface-activating agent and the oxidizing agent is de-
tected by performing an immunoassay using an antibody
that is specific to a denaturalized site of the hemoglobin
derivative.
[0013] Therefore, the hemoglobin derivative can be
detected.
[0014] Further, in the hemoglobin derivative measure-
ment method of the present invention, the hemoglobin
derivative is glycated hemoglobin, and the glycated he-
moglobin that is denaturalized by the processing with the
nonionic surface-activating agent and the oxidizing agent
is detected by performing an immunoassay using an an-
tibody that is specific to a denaturalized site of the gly-
cated hemoglobin.
[0015] Therefore, the glycated hemoglobin can be de-
tected.
[0016] Further, in the hemoglobin derivative measure-
ment method of the present invention, the sample is proc-
essed with the nonionic surface-activating agent having
a concentration that does not significantly hinder the im-
munoassay.

[0017] Therefore, a dilution operation is not required
after the denaturalization, thereby preventing a reduction
in measurement precision due to dilution, and significant-
ly improving user’s operability.
[0018] Further, the hemoglobin derivative measure-
ment method of the present invention further includes a
step of measuring the hemoglobin included in the sam-
ple, and an abundance ratio of the hemoglobin derivative
to the hemoglobin is calculated.
[0019] Therefore, an abundance ratio of the hemo-
globin derivative in the sample can be obtained.
[0020] Further, the hemoglobin derivative is glycated
hemoglobin.
[0021] Therefore, an abundance ratio of the glycated
hemoglobin in the sample can be obtained.
[0022] According to the present invention, there is pro-
vided a reagent composition for measuring a hemoglobin
derivative in a sample including blood components,
which reagent composition includes at least a nonionic
surface-activating agent and an oxidizing agent.
[0023] Therefore, it is possible to provide a reagent by
which a speedy and reliable hemoglobin denaturalization
effect can be obtained while minimizing influence on im-
mune reaction.
[0024] Further, the reagent composition of the present
invention further includes an antibody that is specific to
a denaturalized site of the hemoglobin derivative.
[0025] Therefore, the hemoglobin derivative can be
detected by only mixing the reagent composition and the
sample.
[0026] Further, in the reagent composition of the
present invention, the hemoglobin derivative is glycated
hemoglobin, and the reagent composition further in-
cludes an antibody that is specific to a denaturalized site
of the glycated hemoglobin.
[0027] Therefore, the glycated hemoglobin can be de-
tected by only mixing the reagent composition and the
sample.
[0028] Further, in the reagent composition of the
present invention, the nonionic surface-activating agent
has a concentration that does not significantly hinder an
immunoassay.
[0029] Therefore, a dilution operation is not required
after the denaturalization, thereby preventing a reduction
in measurement precision due to dilution, and significant-
ly improving user’s operability.
[0030] According to the present invention, there is pro-
vided a measurement kit which holds an antibody that is
specific to a denaturalized site of the hemoglobin deriv-
ative.
[0031] Therefore, it is possible to provide a measure-
ment kit by which a speedy and reliable hemoglobin de-
naturalization effect can be obtained while minimizing
influence on immune reaction.
[0032] Further, the measurement kit of the present in-
vention holds an antibody that is specific to a denatural-
ized site of the hemoglobin derivative.
[0033] Therefore, the user can easily measure the he-
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moglobin derivative without having special knowledge.
[0034] Further, in the measurement kit of the present
invention, the hemoglobin derivative is glycated hemo-
globin, and the measurement kit holds an antibody that
is specific to a denaturalized site of the glycated hemo-
globin.
[0035] Therefore, the user can easily measure the he-
moglobin derivative without having special knowledge.
[0036] Further, in the measurement kit of the present
invention, the nonionic surface-activating agent has a
concentration that does not significantly hinder the im-
munoassay.
[0037] Therefore, a dilution operation is not required
after the denaturalization, thereby preventing a reduction
in measurement accuracy due to dilution, and significant-
ly improving user’s operability.
[0038] According to the present invention, there is pro-
vided an analysis device for analyzing a hemoglobin de-
rivative in a sample including blood components, which
comprises a sample application part to which at least the
sample is applied, a denaturalization part connected to
the sample application part, for denaturalizing the hemo-
globin derivative in the applied sample with a reagent
composition including a nonionic surface-activating
agent and an oxidizing agent, and a detection part con-
nected to the denaturalization part, for detecting the de-
naturalized hemoglobin derivative.
[0039] Therefore, it is possible to provide an analysis
device which can denaturalize the hemoglobin more eas-
ily and speedily.
[0040] Further, the analysis device of the present in-
vention further includes an immunoassay part which
holds an antibody that is specific to a denaturalized site
of the hemoglobin derivative, and the immunoassay part
performs an immunoassay using the antibody after the
hemoglobin derivative in the sample is denaturalized by
the reagent composition, thereby to detect the denatu-
ralized hemoglobin derivative.
[0041] Therefore, the hemoglobin derivative in the
sample can be detected more easily and speedily by add-
ing the sample as a detection target.
[0042] Further, in the analysis device of the present
invention, the hemoglobin derivative is glycated hemo-
globin, and the device further includes an immunoassay
part for holding an antibody that is specific to a denatu-
ralized site of the glycated hemoglobin, and the immu-
noassay part performs an immunoassay using the anti-
body after the glycated hemoglobin in the sample is de-
naturalized by the reagent composition, thereby to detect
the denaturalized glycated hemoglobin.
[0043] Therefore, the glycated hemoglobin in the sam-
ple can be detected more easily and speedily by adding
the sample as a detection target.
[0044] Further, in the analysis device of the present
invention, the nonionic surface-activating agent included
in the reagent composition has a concentration that does
not significantly hinder the immunoassay.
[0045] Therefore, a dilution operation is not required

after the denaturalization, thereby preventing a reduction
in measurement accuracy due to dilution, and significant-
ly improving user’s operability.
[0046] Further, the analysis device of the present in-
vention further includes a detection part for detecting he-
moglobin included in the sample, which is connected to
the sample application part, and an abundance ratio of
the hemoglobin derivative to the hemoglobin is calculat-
ed.
[0047] Therefore, an abundance ratio of the hemo-
globin derivative can be obtained more easily and speed-
ily by adding the sample as a detection target.
[0048] Further, the hemoglobin derivative is glycated
hemoglobin.
[0049] Therefore, an abundance ratio of the glycated
hemoglobin can be obtained more easily and speedily
by adding the sample as a detection target.
[0050] According to the present invention, there is pro-
vided an analysis system comprising an analysis device
as defined in any of Claims 15 to 18, and a measurement
unit for measuring the amount of the hemoglobin deriv-
ative which is detected at a detection site of the analysis
device.
[0051] Therefore, it is possible to perform easy and
speedy measurement of the hemoglobin derivative,
which is hardly affected by user’s manual technique.

EFFECTS OF THE INVENTION

[0052] According to the hemoglobin derivative meas-
urement method of the present invention, since denatu-
ralization of hemoglobin in a sample including blood com-
ponents is performed by using a nonionic surface-acti-
vating agent and an oxidizing agent, the denaturalization
can be carried out speedily and reliably.
[0053] Further, since the nonionic surface-activating
agent has less inhibitory effect on immunoassay when
the hemoglobin derivative is measured by immunoassay,
a dilution operation for a denaturalization solution is not
required, thereby preventing a reduction in measurement
accuracy due to variation in dilution. Further, since no
dilution operation is required, immunoassay in a simpler
form can be constructed.
[0054] Further, by measuring the hemoglobin in the
sample simultaneously with the hemoglobin derivative,
an abundance ratio of the hemoglobin derivative to the
hemoglobin can be calculated.
[0055] Since the reagent composition of the present
invention includes at least a nonionic surface-activating
agent and an oxidizing agent, the above-mentioned de-
naturalization of hemoglobin can be performed speedily
and reliably.
[0056] Further, the reagent composition may be in any
state including a liquid, a solid, and a liquid that is dried.
When it is in a solid state, it can be kept in a stable state
for long time.
[0057] A measurement kit of the present invention
holds, in a part thereof, a reagent composition including
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at least a nonionic surface-activating agent and an oxi-
dizing agent, and the reagent composition and the sam-
ple are mixed to denaturalize hemoglobin. Therefore, the
denaturalization of hemoglobin can be performed more
easily, speedily, and reliably.
[0058] Further, since the measurement kit contains re-
agents required for measurement of hemoglobin deriva-
tive, tools for blood collection, and instructions for use,
even users having no specific knowledge can easily per-
form measurement of hemoglobin derivative.
[0059] An analysis device of the present invention
holds, in a part thereof, at least a nonionic surface-acti-
vating agent and an oxidizing agent, thereby providing a
device which can perform the above-mentioned denatu-
ralization of hemoglobin speedily and reliably, and re-
moves complicated operations for the users.
[0060] Further, the analysis device holds, in a part
thereof, an antibody that is specific to a denaturalized
site of the hemoglobin derivative, and performs immu-
noassay by using the antibody after the denaturalization,
thereby providing a device which can detect the hemo-
globin derivative, and removes complicated operations
for the users.
[0061] An analysis system of the present invention
comprises the above-mentioned analysis device holding
the reagents required for measurement of hemoglobin
derivative, and a measurement unit for the analysis de-
vice only. Therefore, it is possible to perform easy and
speedy measurement of hemoglobin derivative, which is
hardly affected by manual techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062]

Figure 1 is a diagram illustrating a construction of an
analysis system according to a fourth embodiment
of the present invention.
Figure 2 is a diagram illustrating a specific construc-
tion of the analysis device according to the fourth
embodiment, wherein figure 2(a) is an exploded per-
spective view thereof, and figure 2(b) is a perspective
view showing a state where a reagent is applied to
the analysis device.
Figure 3 is a diagram illustrating another construction
of the analysis system according to the fourth em-
bodiment.
Figure 4 is a diagram illustrating a specific construc-
tion of the analysis device according to the fourth
embodiment, wherein figure 4(a) is an exploded per-
spective view thereof, and figures 4(b)-4(d) show a
denaturalization procedure to be performed by the
analysis device.
Figure 5 is a diagram illustrating a control curve
which is obtained by processing a standard solution
with pig-derived pepsine, according to a first exam-
ple of the present invention.
Figure 6 is a diagram illustrating the relationship be-

tween the time for processing a blood sample with
pig-derived pepsine, and the hemoglobin denatural-
ization rate, according to the first example.
Figure 7 is a diagram illustrating the relationships
between the respective nonionic surface-activating
agents and the hemoglobin denaturalization rate, ac-
cording to the first example.
Figure 8 is a diagram illustrating the relationships
between the respective nonionic surface-activating
agents and the hemoglobin denaturalization rate, ac-
cording to the first example.
Figure 9 is a diagram illustrating the relationships
between the concentration ratios of the respective
nonionic surface-activating agents to CMC, and the
hemoglobin denaturalization rate, according to the
first example.
Figure 10(a) is a diagram illustrating the relationship
between the respective potassium ferricyanide con-
centrations and the hemoglobin denaturalization
rate according to the first example, and figure 10(b)
is a diagram illustrating the relationship between the
ratio of the amount of potassium ferricyanide to the
amount of hemoglobin, and the hemoglobin denat-
uralization rate, according to the first example.
Figure 11 is a diagram for explaining adverse effects
of the respective nonionic surface-activating agents
and ionic surface-activating agents on latex aggluti-
nation reaction, according to the first example.
Figure 12 is a diagram illustrating a measurement
result obtained when glycated hemoglobin is denat-
uralized and subjected to latex agglutination inhibi-
tion reaction, which is compared with a measure-
ment result obtained by the conventional method,
according to the first example.
Figure 13 is a diagram for explaining a hemoglobin
measurement result obtained in measurement using
"Hemoglobin B-test Wako", according to the second
example.
Figure 14 is a diagram illustrating hemoglobin con-
centrations, glycated hemoglobin concentrations,
and abundance ratios of glycated hemoglobin, of
blood samples A and B according to the second ex-
ample.
Figure 15 is a diagram illustrating measurement re-
sults of blood samples A and B according to an au-
tomatic glycated hemoglobin analyzer of Tosoh Cor-
poration, according to the second example.
Figure 16 is a diagram illustrating measurement re-
sults of blood samples A and B using an analysis
system according to a third example of the present
invention.

DESCRIPTION OF REFERENCE NUMERALS

[0063]

100,300 ... analysis system
101,301 ... analysis device

7 8 



EP 1 873 522 A1

6

5

10

15

20

25

30

35

40

45

50

55

102 ... light source
103 ... detector
104 ... rotation substrate
105 ... motor
110,310 ... measurement part
201 ... lower substrate
202 ... adhesive layer
203 ... dilution/agitation part
204 ... dilute solution holding part
205 ... detection part A
206 ... detection part B
207 ... channel
208 ... quantification part A
209 ... quantification part B
210 ... denaturalization reagent
211 ... latex reagent
212 ... agglutination reagent
213 ... upper substrate
215 ... sample inlet
216 ... dilute solution inlet
302a ... upper case
302b ... lower case
303 ... latex reagent
304 ... reagent
305 ... solution reagent seal
306 ... inlet
307 ... case seal
308 ... light source
309 ... light receiving part

BEST MODE TO EXECUTE THE INVENTION

[0064] Hereinafter, embodiments of hemoglobin de-
naturalization methods according to the present inven-
tion will be described in detail.

(Embodiment 1)

[0065] According to a first embodiment of the present
invention, a description will be given of a hemoglobin
derivative measuring method including a step of process-
ing a sample containing blood components with a noni-
onic surface-activating agent and an oxidizing agent,
thereby to denaturalize hemoglobin in the sample.
[0066] The above-mentioned hemoglobin (hereinafter
also referred to as "Hb") is based on a tetrameric structure
which is formed by that α chain globin and non-α chain
(β, γ, or δ chain) globin are bonded and associated with
heme. About 90% of hemoglobin is HbA(α2β2), about 3%
is HbA2(α2δ2), and about 1% is HbF(α2γ2). As for the
HbA, there are HbA0 in which no glucose is bonded to
an end of β chain amino acid, and HbA1 in which glucose
is bonded thereto. Further, HbA1 includes HbAla, HbA1b,
and HbA1c (hereinafter also referred to as "glycated he-
moglobin"), and these glycated HbA1 are called "hemo-
globin derivatives".
[0067] The point for determining a hemoglobin deriv-
ative depends on whether a region where amino-acid

residue or peptidic terminus is modified exists or not. For
example, the above-mentioned HbAla has a β chain N
terminal being modified with phosphorylated sugar, the
HbA1b has a β chain N terminal being aldehyded, and
the HbAlc has a β chain N terminal being glycated.
[0068] In this way, the hemoglobin derivatives accord-
ing to the first embodiment are those having different
structures of parts of hemoglobin as described above.
[0069] There are various kinds of hemoglobin deriva-
tives other than those mentioned above, for example,
acetaldehyde-hemoglobin adduct caused by abuse of al-
cohol, urea-hemoglobin adduct that exists in blood of ure-
mic patients, aspirin-hemoglobin complex, carboxymeth-
ylated hemoglobin, and the like.
[0070] Although glycated hemoglobin which is gener-
ated by a nonenzymatic reaction between reactive amine
group of hemoglobin protein and glucose is particularly
adopted as an effective measurement item, the meas-
urement item is not restricted thereto.
[0071] As described above, in order to measure the
hemoglobin derivatives having different structures in only
partial regions of hemoglobin, it is necessary to identify
and quantify the respective hemoglobin derivatives by
distinguishing and recognizing the slightly different re-
gions of the hemoglobin derivatives. In this first embod-
iment, a process of taking out (expose) the different por-
tions of the hemoglobin derivatives, i.e., the specific por-
tions of the hemoglobin derivatives, from the structure of
protein to the outside of the structure is referred to as
"denaturalization", and the sites exposed from the struc-
ture of protein are referred to as "denaturalized sites".
[0072] In this first embodiment, this denaturalization is
carried out using a nonionic surface-activating agent and
an oxidizing agent.
[0073] The denaturalization according to this first em-
bodiment may be performed to an extent that a sub unit
structure constituting a quaternary structure is dissociat-
ed, or an extent that hydrophobic bonding, hydrogen
bonding, van der Waals force, and ion bonding, which
constitute a tertiary structure, are dissociated, or an ex-
tent that a structure of α helix or β sheet constituting a
secondary structure is changed, or an extent that hemo-
globin becomes to have a straight-chain structure.
[0074] Generally, proteins exist as functional sub-
stances within a living body, and this is because the pro-
teins keep accurate steric structures that are formed of
the above-mentioned structures. Accordingly, changing
the structures leads to changes in the functions of the
proteins in no small measure, and thereby the properties
of the proteins also change. This change includes both
of reduction in function and increase in function.
[0075] The nonionic surface-activating agent adopted
in this first embodiment is a compound comprising hy-
drophobic radical having no charge and hydrophilic rad-
ical having no charge, and generally it is used for solu-
bilizing a membrane protein. The nonionic surface-acti-
vating agent is required to have the following properties.
That is, it should have a high solubilization power for a
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target protein, it should not denaturalize or deactivate the
protein, and it should not indicate an inhibitory effect in
an activity measurement system such as an immu-
noassay.
[0076] Examples of nonionic surface-activating agents
are as follows.

N,N-Bis(3-D-gluconamidopropyl)cholamide (here-
inafter denoted as "BIGCHAP")
N,N-Bis(3-D-gluconamidopropyl)deoxycholamide
(hereinafter denoted as "deoxy-BIGCHAP")
n-Decyl-β-D-maltopyranoside (hereinafter denoted
as "n-Decyl-β-D-maltoside")
n-Dodecyl-β-D-maltopyranoside (hereinafter denot-
ed as "n-Dodecyl-β-D-maltoside")
n-Heptyl-β-D-thioglucopyranoside (hereinafter de-
noted as "n-Heptyl-β-D-thioglucoside")
n-Octanoyl-N-methylglucamide (hereinafter denot-
ed as "MEGA-8")
n-Nonanoyl-N-methylglucamide (hereinafter denot-
ed as "MEGA-9")
n-Decanoyl-N-methylglucamide (hereinafter denot-
ed as "MEGA-10")
n-Nonyl-β-D-thiomaltopyranoside (hereinafter de-
noted as "n-Nonyl-β-D-thiomaltoside")
n-Octyl-β-D-glucopyranoside (hereinafter denoted
as "n-Octyl-β-D-glucoside")
n-octyl-β-maltopyrano side (hereinafter denoted as
"n-Octyl-β-D-maltoside")
n-Octyl-β-D-thioglucopyranoside (hereinafter de-
noted as "n-Octyl-β-D-thioglucoside")
β-D-Fructopyranosyl-α-D-glucopyranoside mono-
decanoate (hereinafter denoted as "Sucrose mono-
caprate")
β-D-Fructopyranosyl-α-D-glucopyranoside mono-
dodecanoate (hereinafter denoted as "Sucrose
monolaurate")
Sucrose monocholate

[0077] Particularly, the above-mentioned nonionic sur-
face-activating agents for solubilizing membrane pro-
teins are characterized not to denaturalize/deactivate the
proteins, and any agent has less denaturalization effect
to the protein. However, the inventors of the present in-
vention have discovered that it is possible to aggressively
denaturalize hemoglobin by combining nonionic surface-
activating agents having the above-mentioned charac-
teristics with oxidizing agents, and selecting an appro-
priate concentration for each of the obtained reagents
(refer to Example 1-(d) described later). Accordingly, in
this first embodiment, a blood sample can be denatural-
ized speedily, reliably, and effectively.
[0078] The condition for effectively denaturalizing he-
moglobin by the denaturalization reagent of this first em-
bodiment depends on the types of the nonionic surface-
activating agents. That is, it depends on the critical mi-
cellar concentration (hereinafter referred to as "CMC") of
the nonionic surface-activating agent, and hemoglobin

is effectively denaturalized at a concentration which is at
least higher than the CMC, and more preferably, about
twice as high as the CMC, under the existence of the
oxidizing agent.
[0079] For example, when the CMC of Sucrose mon-
olaurate is 0.02%, hemoglobin can be denaturalized at
a concentration of 0.05%. However, when the CMC of
Sucrose monocaprate is 0.13%, a concentration of
0.25% or more is required of hemoglobin.
[0080] Further, as for the concentration of the oxidizing
agent, the oxidizing agent is required to have a concen-
tration for oxidizing all hemoglobin. For example, in order
to denaturalize hemoglobin in blood that is diluted to
1/500, 0.1% or more potassium ferricyanide is required
(refer to Example 1-(f) described later).
[0081] The reason why the denaturalization effect is
improved by using the oxidizing agent is because hemo-
globin is transformed to methemoglobin by the oxidizing
agent and thereby it becomes more likely to be subjected
to the denaturalization effect of the nonionic surface-ac-
tivating agent.
[0082] The oxidizing agent may be selected from
among substances having charges enough to transform
hemoglobin to methemoglobin, and there are KlO3,
KClO3, K2CrO4, NaNO2, K3Co(NO2)6 as well as K3Fe
(CN)6 (potassium ferricyanide) that is generally used.
However, the oxidizing agent is not restricted these sub-
stances, and any substance may be adopted so long as
it has a hemoglobin oxidizing property.
[0083] In this first embodiment, "processing with a no-
nionic surface-activating agent and an oxidizing agent"
means a process of preparing a nonionic surface-acti-
vating agent solution including an oxidizing agent which
satisfies the condition for obtaining a desired denatural-
ization effect, and adding the solution to a sample includ-
ing a hemoglobin derivative, or adding a blood sample
into the nonionic surface-activating agent solution includ-
ing an oxidizing agent which satisfies the condition for
obtaining a desired denaturalization effect. In the case
where the blood sample is added to the nonionic surface-
activating agent solution, the nonionic surface-activating
agent must have not only the denaturalization effect but
also an effect of destroying erythrocyte membranes to
elute hemoglobin (hemolysis).
[0084] Furthermore, the method of processing the
sample with the nonionic surface-activating agent also
includes a method of directly adding a solid reagent com-
prising an oxidizing agent and a nonionic surface-acti-
vating agent to a sample including a hemoglobin deriv-
ative or a blood sample so as to satisfy the condition for
obtaining a desired denaturalization effect.
[0085] The above-mentioned "solid" reagent may be
a "dried" reagent, and the drying method includes air dry-
ing, heat drying, vacuum drying, vacuum-freeze drying,
etc.
[0086] Then, as described above, the sample including
the hemoglobin derivative or the blood sample is proc-
essed with the nonionic surface-activating agent and the
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oxidizing agent to denaturalize the hemoglobin derivative
in the sample, and thereafter, measurement of the he-
moglobin derivative in the sample is performed by using
the denaturalized hemoglobin derivative. In this first em-
bodiment, the hemoglobin derivative measuring method
includes an immunoassay using an antibody which rec-
ognizes an area that is taken out of the structure of he-
moglobin by denaturalization, or a method using boric
acid having an affinity with cis-diol of glucose.
[0087] A great advantage of the hemoglobin derivative
measuring method according to the first embodiment is
that an immunoassay can be performed utilizing an an-
tibody that is specific to a denaturalized site of the he-
moglobin derivative that is processed with the nonionic
surface-activating agent and the oxidizing agent, while
minimizing adverse effect on an immune reaction. That
is, in this first embodiment, since the nonionic surface-
activating agent is used in the hemoglobin denaturaliza-
tion process, a specific area (denaturalized site) that de-
termines the hemoglobin derivative can be taken out of
the hemoglobin structure while minimizing adverse effect
on the immune reaction. Therefore, more specific meas-
urement can be carried out, and further, steric obstacles
are reduced during formation of complexes due to the
antigen-antibody reaction, thereby also enhancing the
efficiency of the antigen-antibody reaction.
[0088] The immunoassay in this first embodiment is a
measurement principle based on the antigen-antibody
reaction, and it may be any of immunonephelometry, im-
munonephrometry, latex immunoagglutination, immuno-
agglutination inhibition, latex immunoagglutination inhi-
bition, fluoroimmunoassay, chemiluminescent immu-
noassay, electrochemical immunoassay, fluorescence
polarization immunoassay, and immunochromatograph-
ic assay, which are generally known.
[0089] Among the above-mentioned hemoglobin de-
rivatives, glycated hemoglobin is well measured. As a
method for measuring glycated hemoglobin, there is
adopted an immunoassay utilizing an antibody that is
specific to a denaturalized site of the glycated hemoglob-
in, i.e., a glycated site of the glycated hemoglobin that is
exposed to the outside of the hemoglobin structure by
denaturalization. The glycated hemoglobin is HbAlc, and
it serves as an indicator for managing patients having
diabetes which is recently known as one of three major
adult diseases, and it provides a measure in long-term
glucose control for one to three months. To be specific,
HbAlc is reacted with the nonionic surface-activating
agent and the oxidizing agent to denaturalize the same
and, thereafter, an immunoassay is performed using an
antibody that is specific to the glycated site in which ami-
no acid at the β chain N terminal that is specific to HbAlc
is glycated.
[0090] Generally, in the field of clinical assay, such he-
moglobin derivative is obtained as a ratio to the amount
of hemoglobin, and therefore, the hemoglobin derivative
measuring method includes a step of measuring the
amount of hemoglobin included in the sample, a step of

measuring the amount of hemoglobin derivative included
in the sample, and a step of calculating a ratio of the
amount of hemoglobin derivative to the amount of hemo-
globin.
[0091] The step of measuring the amount of hemo-
globin included in the sample may be implemented by a
hemoglobin quantification method that is currently well
used for clinical examinations, and the hemoglobin quan-
tification method includes a cyanmethemoglobin meth-
od, a SLS-hemoglobin method, and a method of meas-
uring absorption of hemoglobin at 415nm. Alternatively,
an immunoassay using an antibody to hemoglobin may
be used.
[0092] The amount of hemoglobin that is measured in
this step is not necessarily be the amount of all hemo-
globin included in the sample, which is obtained by com-
pletely hemolyzing all erythrocytes, but it may be the
amount of partial hemoglobin that is obtained by hemo-
lyzing part of erythrocytes. This is because the amount
of hemoglobin derivative is calculated as a ratio to the
amount of hemoglobin.
[0093] Further, particularly for the case where the he-
moglobin derivative is HbAlc, a calculation scheme that
is used in the IFCC (International Federation of Clinical
Chemistry) reference method may be adopted. That is,
it is a method of calculating a ratio of HbAlc to a sum of
HbA0 and HbAlc. Hereinafter, the IFCC reference meth-
od will be described in detail. Initially, a blood sample is
washed with normal saline, and erythrocytes are ob-
tained by centrifugal separation, and then the erythro-
cytes are incubated at 34°C for four hours to remove
unstable HbAlc. Next, the hemoglobin concentration is
adjusted to 6g/dL, and the sample solution is processed
with endprotease and ammonium acetate buffer solution
(pH4.0) at 37°C for eighteen hours. This solution is in-
jected into HPLC, and glycated 6-chain peptide and 6-
chain peptide are obtained, and then a peak area is ob-
tained by electrospray ionization.
[0094] In this way, a sample including a hemoglobin
derivative or a blood sample is processed with a nonionic
surface-activating agent and an oxidizing agent to denat-
uralize hemoglobin, whereby denaturalization of hemo-
globin can be speedily and reliably carried out while se-
curing safety.
[0095] By the way, when a reagent such as an enzyme
or an ionic surface-activating agent is used to denatural-
ize hemoglobin as in the conventional method, the strong
protein-denaturalization effect of the reagent considera-
bly affects the antibody, and particularly, the reagent hav-
ing a higher concentration is more likely to degrade the
antibody activity. Therefore, a stable immunoassay sys-
tem cannot be constituted. Accordingly, in the conven-
tional method, it is necessary to dilute the hemoglobin
derivative solution to a concentration that does not sig-
nificantly interfere with the immunoassay, after the de-
naturalization is completed.
[0096] However, since the nonionic surface-activating
agent used for denaturalization in this first embodiment
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has less adverse effect on the immunoassay (refer to
Example 1-(g) described later), the antibody used for the
immunoassay is not significantly denaturalized while the
hemoglobin derivative is denaturalized. Consequently,
the hemoglobin derivative, the antibody, and the nonionic
surface-activating agent can coexist in one measure-
ment system. Therefore, in this first embodiment, one-
step measurement that needs no dilution operation is
realized, thereby considerably improving the operability.
[0097] Among the fifteen types of nonionic surface-ac-
tivating agents described above, those mentioned below
particularly have less adverse effects on the immune re-
action (refer to Example 1-(g)).

n-Decyl-β-D-maltoside
MEGA-10
n-Nonyl-β-D-thiomaltoside
Sucrose monocaprate
Sucrose monolaurate

[0098] Each of these five nonionic surface-activating
agents has less adverse effect on the immune reaction
even when its concentration is sufficiently high to perform
denaturalization of hemoglobin, and the effect on the im-
mune reaction is constant even if the concentration there-
of varies. Therefore, it is possible to constitute a very
stable immunoassay system.
[0099] Of course, even when the nonionic surface-ac-
tivating agents other than the above-mentioned five no-
nionic surface-activating agents are used, the adverse
effects on the immunoassay system are by far less than
that of the conventionally used ionic surface-activating
agent, and therefore, a stable immunoassay system can
be constituted (refer to Example 1-(h) described later).
[0100] As described above, since the hemoglobin de-
rivative measurement method according to the first em-
bodiment includes a step of processing a sample includ-
ing blood components with a nonionic surface-activating
agent and an oxidizing agent to denaturalize hemoglobin
in the sample, it is possible to denaturalize the hemo-
globin speedily and reliably. Further, since the nonionic
surface-activating agent has less inhibitory effect on an
immunoassay, when measuring the amount of hemo-
globin derivative by an immunoassay reaction after de-
naturalization, a dilution operation for the solution after
the denaturalization is not required, thereby preventing
a reduction in measurement precision due to dilution, and
improving user’s operability.
[0101] Furthermore, according to the first embodi-
ment, when the sample including the blood components
is processed with the nonionic surface-activating agent
and the oxidizing agent, the concentration of the nonionic
surface-activating agent is set at a concentration that is
equal to or higher than the critical micelle concentration
(CMC) of the agent, more preferably, a concentration that
is about twice as high as the CMC. Therefore, the hemo-
globin denaturalization effect can be further improved.

(Embodiment 2)

[0102] Hereinafter, a description will be given of a re-
agent composition for measuring a hemoglobin deriva-
tive, which includes at least a nonionic surface-activating
agent and an oxidizing agent, according to a second em-
bodiment of the present invention.
[0103] This reagent composition may be in either a liq-
uid state or a solid state, or it may be obtained by drying
a liquid-state reagent composition. It is possible to de-
naturalize hemoglobin by only mixing this reagent com-
position with a sample solution including hemoglobin. Ac-
cordingly, the reagent composition including the nonionic
surface-activating agent and the oxidizing agent can be
a most fundamental element for easily measuring the
hemoglobin derivative.
[0104] When using this reagent composition in a solu-
tion form, it should be cooled or shielded from light to
further improve the stability of the reagent.
[0105] The storage stability of the dried reagent com-
position is generally higher than that of the solution-state
reagent composition, and it can be kept for long time.
[0106] In order to dry the reagent composition, tech-
niques such as air drying, heat drying, vacuum drying,
vacuum-freeze drying, and the like can be adopted. Es-
pecially when freeze drying is adopted, it is possible to
produce reagent compositions having various designs
according to the shapes of containers for freezing the
reagent composition. Further, resolvability is further im-
proved by using vacuum-freeze drying.
[0107] Further, when the reagent composition includes
protein, sugar may be added to the reagent composition
to enhance its stability. Further, in order to promote the
immune reaction, an immune reaction promoter such as
polyethylene glycol may be contained in the reagent com-
position.
[0108] Further, when potassium ferricyanide is used
as an oxidizing agent, it should be shielded from light and
kept in its dried state to produce a reagent composition
that is stable for longer time.
[0109] Further, since the nonionic surface-activating
agent having extremely small effect on immunoassay is
used in this second embodiment, an antibody used for
immunoassay and the nonionic surface-activating agent
may coexist in a single system, i.e., the reagent compo-
sition may include the antibody.
[0110] Even when air drying or heat drying is adopted
as a method for forming a reagent composition including
an antibody, sufficient stability of the reagent composition
can be ensured. However, a method using vacuum-
freeze drying is most preferable, and the reagent com-
position can be kept stable. Especially, since the antibody
is protein, addition of sugar leads to enhanced stability
of the reagent composition.
[0111] As described above, according to the second
embodiment, since the reagent composition for measur-
ing the hemoglobin derivative includes at least a nonionic
surface-activating agent and an oxidizing agent, the
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above-mentioned denaturalization of hemoglobin can be
performed speedily and reliably.
[0112] Further, although the reagent composition may
be in any of a liquid state, a solid state, and a state ob-
tained by drying a liquid, particularly when it is in a solid
state, it can be stored more stably for long time.
[0113] Furthermore, when the reagent composition
further includes an antibody that is specific to the denat-
uralized site of the hemoglobin derivative, the hemoglob-
in derivative can be detected by mixing the reagent com-
position and the sample, thereby improving user’s oper-
ability.

(Embodiment 3)

[0114] According to a third embodiment of the present
invention, a description will be given of a measurement
kit which holds a reagent composition including at least
a nonionic surface-activating agent and an oxidizing
agent, and measures a hemoglobin derivative using the
reagent composition.
[0115] The measurement kit is an assortment of rea-
gents and members which are required for measurement
of a hemoglobin derivative. To be specific, it contains
reagents required for measuring a hemoglobin deriva-
tive, instructions for use, a blood collecting tool such as
a lancet or a syringe, disinfectant goods required before
and after blood collection, and weighting tools such as a
dispenser and a dropper to be used for application of the
reagents. After a sample to be tested is collected, quan-
titatively diluted, and denaturalized using these reagents
and members, the hemoglobin derivative can be easily
measured by using an automatic assay device for clinical
use or a spectrophotometer.
[0116] In the measurement kit, since the processes
from denaturalization of the hemoglobin derivative to
measurement of the denaturalized hemoglobin deriva-
tive are procedurally defined, it is easy to use the meas-
urement kit according to the instructions without the ne-
cessity of having specific knowledge. Further, since the
reagent required for measuring the hemoglobin deriva-
tive is a reagent including at least a nonionic surface-
activating agent and an oxidizing agent, denaturalization
of the hemoglobin derivative can be carried out speedily
and reliably.
[0117] Further, the measurement kit may hold an an-
tibody that is specific to the hemoglobin derivative. That
is, there is considered a measurement kit comprising a
reagent composition including a nonionic surface-acti-
vating agent and an oxidizing agent for hemolyzing and
denaturalizing hemoglobin, and a reagent for detecting
a hemoglobin derivative, which has an antibody that is
specific to the denaturalized site of the hemoglobin de-
rivative (when a latex agglutination inhibition reaction is
used, a latex labeled antibody and an agglutination rea-
gent as an agglutination multivalent antigen). These re-
agents are respectively sealed in containers, and the he-
moglobin derivative hemolyzing and denaturalizing op-

eration and the immunoassay operation are procedurally
defined, thereby realizing more simple measurement of
the hemoglobin derivative. While in this third embodiment
the latex agglutination inhibition reaction is adopted, any
immunoassay reaction may be adopted so long as it can
denaturalize hemoglobin, and perform an immunoassay
using an antibody that is specific to the denaturalized site
of the hemoglobin derivative to measure the amount of
the denaturalized hemoglobin derivative.
[0118] Further, the reagent composition and the anti-
body may be separately held in the measurement kit may
be, or the antibody may be included in the reagent com-
position.
[0119] Furthermore, a reagent that can measure he-
moglobin in the sample may be sealed in a container and
included in the measurement kit. Thereby, it is possible
to calculate an abundance ratio of the hemoglobin deriv-
ative. Calculation of an abundance ratio is effective par-
ticularly when measuring glycated hemoglobin.
[0120] As a method for measuring hemoglobin, there
are proposed a cyanmethemoglobin method and a SLS-
hemoglobin method for measuring a peak wavelength
around 415nm or a wavelength around 540nm by utilizing
absorption of hemoglobin itself, and a latex agglutination
method.
[0121] As described above, since the measurement kit
according to the third embodiment contains some or all
of reagents required for measuring a hemoglobin deriv-
ative in a sample, which are respectively sealed in con-
tainers, it is possible for the user to perform hemolysis
and denaturalization of hemoglobin, and measure the
amount of denaturalized hemoglobin by using a reagent
that specifically recognizes the denaturalized hemoglob-
in derivative, according to a predetermined procedure.
Therefore, even when the user has no specific knowl-
edge, he/she can easily perform measurement of the he-
moglobin derivative. More preferably, when a reagent
that can measure the concentration of hemoglobin in the
sample is further added to the measurement kit, an abun-
dance ratio of hemoglobin derivative to hemoglobin can
be calculated, which is particularly effective when meas-
uring glycated hemoglobin.

(Embodiment 4)

[0122] According to a fourth embodiment of the
present invention, a description will be given of an anal-
ysis device for analyzing a hemoglobin derivative, which
device comprises a sample application part to which at
least a sample is applied, a denaturalization part for de-
naturalizing a hemoglobin derivative in the sample by
using a nonionic surface-activating agent and an oxidiz-
ing agent, and a detection part for detecting the amount
the denaturalized hemoglobin derivative.
[0123] The analysis device may be combined with a
measurement device for evaluating the analysis device
to provide a form of an analysis system. Thereby, meas-
urement of the hemoglobin derivative can be performed
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more easily and speedily.
[0124] The analysis device according to the fourth em-
bodiment holds a nonionic surface-activating agent and
an oxidizing agent, and holds a reagent that is specific
to a denaturalized site of a hemoglobin derivative, and
an agglutination reagent, and further, the analysis device
may hold these reagents in different parts.
[0125] The measurement process includes a denatu-
ralization step of reacting a blood sample with a nonionic
surface-activating agent and an oxidizing agent, and a
step of reacting the denaturalized hemoglobin derivative
with a reagent which is specific to the denaturalized site
of the hemoglobin derivative, e.g., a latex-labeled anti-
body that is obtained by latex-labeling an antibody that
is specific to the hemoglobin derivative, and an aggluti-
nation reagent.
[0126] While the latex-labeled antibody and the agglu-
tination reagent may be simultaneously reacted with the
sample solution that is processed by the nonionic sur-
face-activating agent and the oxidizing agent, the sample
solution may be initially reacted with the latex-labeled
antibody and then reacted with the agglutination reagent.
[0127] After the sample solution is reacted with the re-
agents as described above, variations in absorbance of
the reaction solution are measured to calculate the
amount of the hemoglobin derivative.
[0128] Further, it is possible to calculate an abundance
ratio of hemoglobin derivative to hemoglobin by calculat-
ing the concentration of hemoglobin in addition to calcu-
lating the amount of hemoglobin derivative. As a method
for measuring the concentration of hemoglobin, there are
proposed a cyanmethemoglobin method and a SLS-he-
moglobin method for measuring a peak wavelength
around 415nm or a wavelength around 540nm by utilizing
absorption of hemoglobin itself, and a latex agglutination
method.
[0129] As for a shape of the analysis device, it is im-
portant to smoothly promote the above-mentioned se-
quence of reactions and measurements.
[0130] As an example of the analysis device, for ex-
ample, a device utilizing centrifugal force and capillary
attraction is considered. That is, a liquid sample is freely
transferred through plural chambers (spaces) formed in
the analysis device and plural channels formed between
the chambers, thereby controlling the sequence of meas-
urement, the amounts of reagents, the reaction time, and
the like. As an example of a device for evaluating such
analysis device, there is proposed a device that is
equipped with a rotation mechanism for rotating the anal-
ysis device, and an optical measurement function for
measuring the absorbance.
[0131] Hereinafter, examples of the above-mentioned
analysis device and the analysis system including the
analysis device will be described with reference to figures
1 and 2.
[0132] Figure 1 is a diagram illustrating the construc-
tion of the analysis system. The analysis system 100
comprises an analysis device 101, a measurement unit

110 which irradiates the analysis device 101 with light
emitted from a light source 102, and detects transmitted
light by a detector 103, a rotation substrate 104, a portion
of which is hollowed out, having the analysis device 101
being fixed in the hollow, and a motor 105 for rotating the
rotation substrate 104. In figure 1, a mechanism for driv-
ing the motor 105 and a circuit construction connecting
to the light source 102 and the detector 103 are omitted.
[0133] Figure 2 is a diagram illustrating the specific
construction of the analysis device, wherein figure 2(a)
is an exploded perspective view thereof, and figure 2(b)
is a diagram illustrating the state where a reagent is ap-
plied.
[0134] The analysis device 101 comprises a lower sub-
strate 201, an upper substrate 213, and an adhesive layer
202 having adhesive effects on its front and rear surfaces,
and the analysis device 101 is formed by bonding these
substrates and layer. A transparent resin substrate is
used as the lower substrate 201, and spaces of various
shapes are accurately formed by injection molding or the
like. To be specific, plural concave portions are formed
at the upper surface of the lower substrate 201 by injec-
tion molding, which concave portions provide a dilution/
agitation part 203 that is a denaturalization part for de-
naturalizing the hemoglobin derivative, a diluted solution
holding part 204, a detection part A205 for detecting the
amount of added hemoglobin, and a detection part B206
which is a detection part for detecting the amount of de-
naturalized hemoglobin derivative. Further, any resin
may be used as a material of the lower substrate 201 so
long as it transmits light. For example, plastic resins such
as polycarbonate and polystyrene may be adopted.
[0135] Further, on the adhesive layer 202, patterns of
the dilution/agitation part 203, the diluted solution holding
part 204, the detection part A205, and the detection part
B206, and further, patterns of channels 207 connecting
these parts are cut out. Further, the channels 207 in front
of the detection part A205 and the detection part B206
are cut out so that portions thereof are broadened, there-
by forming a quantification part A208 and a quantification
part B209 for quantifying the amounts of the solution to
be transferred to the detection part A205 and the detec-
tion part B206, respectively. As a material for obtaining
the adhesion effect of the adhesive layer 202, an adhe-
sive agent or a hot melt sheet which becomes adhesive
by heating may be used. The upper substrate 213 com-
prises a transparent resin plate.
[0136] The analysis device 101 is produced as follows.
Initially, the lower substrate 201 and the adhesive layer
202 are adhered to each other. Then, before adhering
the upper substrate 213 to the adhesive layer 202, as
shown in figure 2(b), a denaturalization reagent 210 com-
prising a nonionic surface-activating agent and an oxi-
dizing agent is stored in the dilution/agitation part 203 of
the lower substrate 201, and a latex reagent 211 that can
specifically react with the denaturalized site of the hemo-
globin derivative is stored in the quantification chamber
B209 formed by the lower substrate 201 and the adhesive

19 20 



EP 1 873 522 A1

12

5

10

15

20

25

30

35

40

45

50

55

layer 202, and then an agglutination reagent 212 com-
prising a composite multivalent antigen obtained by com-
bining a plurality of specific epitope structures of the he-
moglobin derivative is stored in the detection part B206,
respectively. Thereafter, the reagents are dried by vac-
uum-freeze drying, and the upper substrate 213 is ad-
hered to the upper surface of the adhesive layer 202.
Further, two apertures of the channels 207 formed in the
adhesive layer 202, which apertures are formed by ad-
hering the upper substrate 213, the adhesive layer 202,
and the lower substrate 201, become an analyte injection
port 215 and a dilute solution injection port 216, respec-
tively.
[0137] Next, the operation of the analysis system 100
will be described.
[0138] During analysis of the sample, 1PL of blood is
injected from the analyte injection port 215 of the analysis
device 101, and 50PL of dilute solution is injected from
the dilute solution injection port 216, by using a dispenser
or the like. Thereby, the blood is stored in the channel
inside the analyte injection port 215, and the dilute solu-
tion is stored in the dilute solution holding part 204.
[0139] Next, the analysis device 101 to which the blood
and the dilute solution are injected is set in the hollowed
portion of the rotation substrate 104, and the rotation sub-
strate 104 is rotated at a predetermined rpm for a prede-
termined period of time by the motor 105. Thereby, the
dilute solution and the blood are transferred to the dilu-
tion/agitation part 203 and mixed with each other to be
a diluted sample solution, and hemolysis and denatural-
ization of the hemoglobin derivative are caused by the
functions of the nonionic surface-activating agent and
the oxidizing agent.
[0140] Next, the rotation of the rotation substrate 104
is stopped, whereby the sample solution is transferred
to the quantification part A208 and the quantification part
B209 through the channels 207 by capillary phenome-
non.
[0141] The sample solution transferred to the quanti-
fication part B209 is mixed with the latex reagent 211
which has previously been stored in the quantification
part B209, whereby the latex reagent 211 and the hemo-
globin derivative in the sample solution are combined.
[0142] Thereafter, the rotation substrate 104 is again
rotated at a predetermined rpm for a predetermined pe-
riod of time by the motor 105, whereby the sample solu-
tion transferred to the quantification part A208 is trans-
ferred to the detection part A205, while the sample solu-
tion mixed with the latex reagent 211 in the quantification
part B209 is transferred to the detection part B206.
[0143] The agglutination reagent 212 held in the de-
tection part B206 is combined with the latex reagent that
is not combined with the hemoglobin derivative, whereby
a latex agglutination inhibition reaction according to the
concentration of the hemoglobin derivative occurs. After
a predetermined period of time, measurement of trans-
mitted light in the quantification part B206 is executed to
detect a latex agglutination inhibition reaction.

[0144] Simultaneously, the detection part A205 is
measured to measure absorption of hemoglobin, where-
by the concentration of hemoglobin can be calculated.
[0145] The measurement of the latex agglutination in-
hibition reaction in the detection part B206 can be per-
formed by measuring the wavelength around 550nm, and
the measurement of hemoglobin in the detection part
A205 may be performed by a method of measuring max-
imum absorption around 415nm or a method of measur-
ing absorption around 540nm.
[0146] In any case, by previously forming an analytical
curve on the basis of hemoglobin of a predetermined
concentration and a result of measurement for hemo-
globin derivative, the concentrations of hemoglobin and
hemoglobin derivative can be respectively calculated us-
ing the analytical curve, and further, an abundance ratio
of hemoglobin derivative can be calculated by associat-
ing the concentration of hemoglobin with the concentra-
tion of hemoglobin derivative.
[0147] In this fourth embodiment, the analysis system
which has the chip-shaped analysis device 101, and con-
trols the sequence of measurements, the amounts of re-
agents, and the reaction time by fluid transfer utilizing
centrifugal force and capillary phenomenon, has been
described. However, the present invention is not restrict-
ed to the above-mentioned construction and method, and
any construction may be adopted so long as it can control
the sequence of measurements, the amounts of rea-
gents, and the reaction time. As for the fluid transfer, for
example, a method of performing fluid transfer by apply-
ing a pressure using a pump is also available. Further,
the analysis device may be in a chromatographic form.
More simply, even an analysis device in a form of a cubic
plastic cell is sufficiently used by devising the reagent
holding method.
[0148] Hereinafter, a description will be given of an
analysis device having a simpler construction, and an
analysis system using the analysis device, with reference
to figures 3 and 4.
[0149] Figure 3 is a diagram illustrating another con-
struction of the analysis system according to the fourth
embodiment. The analysis system 300 is provided with
an analysis device 301, and a measurement part 310
which irradiates the analysis device 301 with light emitted
from a light source 308, and detects transmitted light by
a light reception part 309. In figure 3, a circuit construction
for connecting the light source 308 and the light reception
part 309, and a structure for setting the analysis device
301 in the analysis system are omitted.
[0150] Figure 4 is a diagram illustrating the specific
construction of the analysis device 301, wherein figure 4
(a) is an exploded perspective view thereof, and figures
4(b)~4(d) are diagrams illustrating the reagent denatu-
ralization procedure in the analysis device 301.
[0151] The analysis device 301 comprises a lower
case 302b having an inlet through which a blood sample
is injected, a solution reagent seal 305 for hermetically
sealing an opened bottom surface of the lower case 302b,
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an upper case 302a, and a case seal 307 for hermetically
sealing the inlet 306. The analysis device 301 is formed
by adhering the opened bottom surfaces of the upper
case 302a and the lower case 302b with an adhesive
agent.
[0152] The lower case 302b is a rectangular solid case
made from plastic, a bottom surface of which is opened,
and as shown in figure 4(b), a reagent 304 which is ob-
tained by adding an antibody that is specific to a denat-
uralized site of the hemoglobin derivative to a reagent
comprising a nonionic surface-activating agent and an
oxidizing agent is encapsulated in the lower case 302b
by the reagent seal 305.
[0153] The upper case 302a is a rectangular solid case
made from plastic, a bottom surface of which is opened,
and it is similar in shape to the lower case 302b. As shown
in figure 4(b), at an upper end of the case 302a, a latex
reagent 303 that is able to specifically react with the he-
moglobin derivative, which is vacuum-freeze dried, is
held at an upper end of the case 302a.
[0154] Next, the operation of the analysis system 300
will be described.
[0155] During analysis of the sample, the reagent 304
comprising the nonionic surface-activating agent, the ox-
idizing agent, and the agglutination reagent is injected
into the lower case 302b using a dispenser or the like,
and the lower case 302b is hermetically sealed with the
solution reagent seal 305. Thereafter, as shown in figure
4(b), the lower case 302b and the upper case 302a in
which the latex reagent is stored are adhered to each
other using an adhesive agent. After the solution reagent
seal 305 is removed, 0.5PL of blood sample is injected
from the inlet 306 using a dispenser or the like, and the
inlet 306 is hermetically sealed with the case seal 307
as shown in figure 4(c). Then, the blood sample and the
reagent 304 are gently mixed so that the reagent 304 is
not applied to the latex reagent 303 that is held at the
upper end of the upper case 302a, and the resultant mix-
ture is left for a predetermined period of time. When the
concentration of hemoglobin is also to be calculated, the
analysis device 301 is set in the analysis system 300
shown in figure 3 at this point in time, and an absorbance
at 540nm is measured by the measurement part 310.
[0156] Next, as shown in figure 4(d), the analysis de-
vice 301 is turned so that the lower case 302b goes up-
ward, whereby the latex reagent 303 is mixed into the
reagent 304 to which the blood sample is added, and the
resultant mixture is left for a predetermined period of time.
[0157] After the predetermined period has passed, the
analysis device 301 is set in the analysis system 300 as
shown in figure 3, and an absorbance at 550nm is meas-
ured by the measurement part 310 to calculate the con-
centration of hemoglobin derivative.
[0158] As described above, according to the fourth em-
bodiment, the analysis device that holds the reagents
required for measurement of hemoglobin derivative is
designed, and the analysis device is combined with the
measurement unit exclusively for the analysis device to

constitute the analysis system. Therefore, it is possible
to perform easy and speedy measurement of hemoglobin
derivative, which is hardly affected by manual procedure.

(Example 1)

[0159] Hereinafter, denaturalization effects of various
nonionic surface-activating agents will be verified for a
case where the hemoglobin derivative is HbAlc which is
a representative test item of glycated hemoglobin, and
the oxidizing agent to be applied with the nonionic sur-
face-activating agent is potassium ferricyanide.

(a) Preparation of glycated hemoglobin standard solution 
(preparation of control solution)

[0160] As a kit of reagents for measuring glycated he-
moglobin, Cobas reagent HbAlc that is put on the market
by Roche Diagnostic K.K. is adopted.
[0161] Initially, in order to confirm the responsive prop-
erty of the glycated hemoglobin to the latex agglutination
reagent, dilution sequences of X1, X2, X4, X8, X16, X32,
X64, and X128 are produced with respect to a glycated
hemoglobin standard solution having a concentration of
24.6PM which is enclosed in the kit.

(b) Relationship between concentration of glycated he-
moglobin and amount of absorption change due to latex 
agglutination inhibition reaction

[0162] After 100PL of 100kU/L pig-derived pepsine so-
lution is added to each of the 2PL glycated hemoglobin
standard solutions having the respective concentrations
(X51 dilution), which are produced in Step(a), the solu-
tions are left for three minutes. Next, 14PL out of each
reaction solution (102PL) is added into a plastic cell hav-
ing an optical wavelength of 1cm, which stores 560PL of
latex reagent solution that can specifically bind to the
glycated site of the glycated hemoglobin, and a reaction
is promoted for four minutes. Further, 112PL of compos-
ite multivalent glycated hemoglobin antibody having a
concentration of 0.5Pg/mL is added to this reaction so-
lution, and an amount of change in absorption at 550nm
is measured three minutes later.
[0163] Figure 5 is a diagram in which the concentration
of glycated hemoglobin is plotted on the abscissa, while
the amount of change in absorption is plotted on the or-
dinate. In order to convert the concentration of glycated
hemoglobin from "mol" to "mg/dL", calculation is per-
formed with the molecular weight of hemoglobin being
64500.

(c) Confirmation of processing time required for hemo-
globin denaturalization in control measurement method

[0164] In order to check as to whether all the glycated
hemoglobin in the blood is denaturalized and measured
by the method of processing the sample with the pig-
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derived pepsine for three minutes, denaturalization up to
25 minutes is performed to the blood sample, and ab-
sorbance values in a latex agglutination inhibition reac-
tion are measured. This operation is performed by the
same method as described in Step (b).
[0165] Figure 6 is a diagram in which the processing
time of the denaturalization is plotted on abscissa while
the hemoglobin denaturalization rate is plotted on the
ordinate. The hemoglobin denaturalization rates at the
respective processing times are calculated with suppos-
ing that the concentration of glycated hemoglobin calcu-
lated when the blood sample is processed with the pig-
derived pepsine for 25 minutes is 100%.
[0166] According to figure 6, since there is almost no
variation in the calculated concentration of glycated he-
moglobin when the processing time exceeds three min-
utes, it is found that all the hemoglobin is decomposed
within three minutes. Accordingly, it is found that all the
glycated hemoglobin can be detected by processing the
blood sample with the pig-derived pepsine for three min-
utes, and this is used as a control processing method for
the hemoglobin denaturalization test.

(d) Confirmation of denaturalization effects of hemoglob-
in in blood with plural kinds of nonionic surface-activating 
agents

[0167] The hemoglobin denaturalization effects of the
following ten kinds of nonionic surface-activating agents
are confirmed.

n-Decyl-β-D-maltoside
n-Dodecyl-β-D-maltaside
n-Heptyl-β-D-thioglucoside
MEGA-8
MEGA-9
MEGA-10
n-Nonyl- β-D-thiomaltoside
n-Octyl-β-D-glucoside
Sucrose monocaprate
Sucrose monolaurate

[0168] The denaturalization method is as follows. Ini-
tially, aqueous solutions (100PL) respectively including
the above-mentioned ten kinds of nonionic surface-acti-
vating agents having concentrations ranging from 0.1 to
9% and potassium ferricyanide having a concentration
of 0.25% (oxidizing agent) are formed, and 2PL of blood
sample is added to the respective solutions (diluted to
X51), and thereafter, the solutions are left for three min-
utes at 25°C. Next, 14PL out of each 102PL reaction
solution is reacted with 560PL of latex reagent solution
that is labeled with glycated hemoglobin antibody, for four
minutes. Thereafter, the reaction solution is reacted with
112PL of agglutination reagent, and an amount of change
in absorbance at 550nm is measured three minutes later.
[0169] Confirmation of denaturalization is performed
as follows. Initially, a concentration of glycated hemo-

globin in the blood sample (control value) is calculated
from the absorbance value in the latex agglutination in-
hibition reaction of the same blood sample that is proc-
essed with the pig-derived pepsine, and next, concen-
trations of glycated hemoglobin in the blood are obtained
from the absorption values in the latex agglutination in-
hibition reaction which are obtained when the same blood
sample is processed with the above-mentioned ten kinds
of nonionic surface-activating agents. Further, what per-
centages of glycated hemoglobin are detected in the
blood samples processed by the respective nonionic sur-
face-activating agents are obtained with respect to the
pepsine-processed control, and these percentages are
used as denaturalization rates of hemoglobin.
[0170] Figure 7 is a diagram in which the concentra-
tions of the nonionic surface-activating agents are plotted
on the abscissa while the denaturalization rates are plot-
ted on the ordinate.
[0171] With reference to figure 7, although the nonionic
surface-activating agent concentration providing a high
denaturalization effect varies depending on the type of
the nonionic surface-activating agent, a hemoglobin de-
naturalization effect as high as that obtained by the pep-
sine-processing as a control is confirmed for every non-
ionic surface-activating agent.

(e) Confirmation of nonionic surface-activating agent 
concentration with which the nonionic surface-activating 
agent can efficiently denaturalize hemoglobin in blood

[0172] With respect to the following five kinds of non-
ionic surface-activating agents, the hemoglobin denatu-
ralization effects thereof are confirmed.

Sucrose monocaprate
Sucrose monolaurate
n-Nonyl-β-D-thiomaltoside
n-Decyl-β-D-maltoside

[0173] The denaturalization method is as follows. Ini-
tially, aqueous solutions (1mL) respectively including the
above-mentioned five kinds of nonionic surface-activat-
ing agents having concentrations ranging from 0.05% to
0.5% and potassium ferricyanide having a concentration
of 0.25% (oxidizing agent) are formed, and 2PL of blood
sample is added to the respective solutions (diluted to
X51), and thereafter, the solutions are left for three min-
utes at 25°C. Next, 14PL out of each 1002PL reaction
solution is reacted with 560PL of latex reagent solution
that is labeled with a glycated hemoglobin antibody, for
four minutes. Thereafter, each reaction solution is react-
ed with 112PL of agglutination reagent, and an amount
of change in absorbance at 550nm is measured three
minutes later. Confirmation of denaturalization is per-
formed as follows. As described in Step (d), initially, a
concentration of glycated hemoglobin in the blood sam-
ple (control value) is calculated from the absorbance val-
ue obtained in the latex agglutination inhibition reaction
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of the same blood sample that is processed with pig-
derived pepsine, and next, concentrations of glycated
hemoglobin in the blood are obtained from the absorption
values in the latex agglutination inhibition reaction which
are obtained when the same blood sample is processed
with the above-mentioned five kinds of nonionic surface-
activating agents, and thereafter, denaturalization rates
of the respective nonionic surface-activating agents are
obtained using the concentration obtained from the pep-
sine-processed sample as a control.
[0174] Figure 8 is a diagram in which the concentra-
tions of the nonionic surface-activating agents are plotted
on the abscissa while the hemoglobin denaturalization
rates are plotted on the ordinate. Figure 9 is a diagram
in which ratios of the CMC (critical micelle concentra-
tions) of the respective nonionic surface-activating
agents to the concentrations of the respective nonionic
surface-activating agents are plotted on the abscissa,
while the glycated hemoglobin denaturalization rates are
plotted on the ordinate.
[0175] According to figure 8, like the result shown in
figure 7, the nonionic surface-activating agent concen-
tration providing a high hemoglobin denaturalization ef-
fect varies depending on the type of the nonionic surface-
activating agent. However, as shown in figure 9, when
the concentrations of the nonionic surface-activating
agents to the CMC of the respective nonionic surface-
activating agents are checked, it is found that the denat-
uralization effect is increased at a concentration of each
nonionic surface-activating agent that is twice or more
as high as the CMC.

(f) Confirmation of concentration of oxidizing agent (po-
tassium ferricyanide) which is required for denaturaliza-
tion of hemoglobin

[0176] With respect to Sucrose monocaprate which is
a nonionic surface-activating agent, a denaturalization
effect by potassium ferricyanide is confirmed.
[0177] The denaturalization method is as follows. Ini-
tially, solutions (1mL) respectively including potassium
ferricyanide of 0, 0.01, 0.05, 0.1, 0.25, and 0.5 % with
respect to Sucrose monocaprate of 0.5% are prepared,
and 2PL of blood sample is added to the respective so-
lutions (X501 dilution), and thereafter, the solutions are
left for three minutes at 25°C.
[0178] Next, 140PL out of each reaction solution
(1002PL) is reacted with 560PL of latex reagent solution
which is labeled with a glycated hemoglobin antibody,
for four minutes. Thereafter, the reaction solution is re-
acted with 112PL of agglutination reagent, and an
amount of change in absorbance at 550nm is measured
after three minutes. In this test, the hematocrit value (Hct)
of the blood sample is adjusted to 20, 45, and 70%.
[0179] Confirmation of denaturalization is performed
as follows. As in the above-mentioned step (d), initially
a concentration of glycated hemoglobin in the blood sam-
ple is calculated from the absorbance value (control val-

ue) obtained in the latex agglutination inhibition reaction
of the blood sample that is processed with pig-derived
pepsine, and next, a concentration of glycated hemo-
globin in the blood is obtained from the absorption value
in the latex agglutination inhibition reaction which is ob-
tained when the same blood sample is processed with
the nonionic surface-activating agent. Then, what per-
centage of glycated hemoglobin is detected in the blood
sample processed by the nonionic surface-activating
agent is obtained with respect to the pepsine-processed
control, and this percentage is used as a hemoglobin
denaturalization ratio.
[0180] Figure 10(a) is a diagram wherein the concen-
tration of potassium ferricyanide is plotted on the abscis-
sa while the hemoglobin denaturalization rate is plotted
on the ordinate, and figure 10(b) is a diagram wherein
the ratio of the amount of potassium ferricyanide to the
amount of hemoglobin is plotted on the abscissa while
the hemoglobin denaturalization rate is plotted on the
ordinate.
[0181] According to figure 10(a), it is found that, al-
though the hemoglobin denaturalization effect is poor
with the nonionic surface-activating agent alone, suffi-
cient denaturalization can be achieved by processing the
blood sample using 0.1% or more of potassium ferricy-
anide as well as the nonionic surface-activating agent,
even when the blood sample has a hematocrit value of
70%.
[0182] Further, according to figure 10(b), it is evident
that all the hemoglobin in the blood can be denaturalized
when the amount of potassium ferricyanide is twice or
more than the amount of hemoglobin, and thereby it is
found that the existence of potassium ferricyanide is
deeply engaged with the denaturalization of hemoglobin.

(g) Confirmation of influence of nonionic surface-activat-
ing agent on latex agglutination reaction (immunoassay 
reaction)

[0183] Influences of the following nine kinds of noni-
onic surface-activating agents on latex agglutination re-
action are confirmed.

n-Decyl-β-D-maltoside
n-Heptyl-β-D-thioglucoside
MEGA-8
MEGA-9
MEGA-10
n-Nonyl-β-D-thiomaltoside
n-Octyl-β-D-glucoside
Sucrose monocaprate
Sucrose monolaurate

[0184] The denaturalization method is as follows. The
respective nonionic surface-activating agent solutions
are added to the above-mentioned latex reagent solution,
and then the agglutination agent is added. Three minutes
later, an amount of change in absorbance at 550nm is
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measured for each solution.
[0185] Confirmation of influence on immunoassay re-
action is performed as follows. An absorbance change
amount in the latex agglutination reaction which is ob-
tained when each nonionic surface-activating agent is
added so that its final concentration becomes about
0.25~1.4% is compared with an absorbance change
amount in the latex agglutination reaction which is ob-
tained when no nonionic surface-activating agent is add-
ed.
[0186] Simultaneously, as for sodium lauryl sulfate
(SLS) which is an ionic surface-activating agent dis-
closed in Patent Document 3, its influences on latex ag-
glutination reaction at the concentrations of 0.1% and
0.25% are confirmed.
[0187] Figure 11 is a diagram in which the concentra-
tions of the respective nonionic surface-activating agents
are plotted on the abscissa, while the absorbance change
amount ratios of the respective nonionic surface-activat-
ing agents when the absorbance change amount of the
control is 100% are plotted on the ordinate.
[0188] According to figure 11, it is found that, while
sodium lauryl sulfate (SLS) as an ionic surface-activating
agent shows an extreme downward tendency of the latex
agglutination reaction with an increase in its concentra-
tion, the influences of the nonionic surface-activating
agents on the latex agglutination reaction are gentle.
[0189] Further, it is confirmed that, amongst the noni-
onic surface-activating agents, particularly n-Decyl-β-D-
maltoside, n-Nonyl-β -D-thiomaltoside, MEGA-10, Su-
crose monocaprate, and Sucrose monolaurate have less
influences on the latex agglutination reaction even when
the concentrations thereof provide sufficient hemoglobin
denaturalization effect. This result suggests that the he-
moglobin denaturalization solution can be sufficiently
used as a reagent composition for latex agglutination re-
action or a reagent composition for latex agglutination
inhibition reaction.

(h) Confirmation of effect of latex agglutination inhibition 
reaction (immunoassay reaction) under existence of no-
nionic surface-activating agent

[0190] Three kinds of blood samples having different
glycated hemoglobin concentrations are prepared.
[0191] Initially, 100 PL of 100kU/L pig-derived pepes-
ine solution is added to 2PL of blood (X501 dilution), and
the solution is processed for three minutes. Then, 14PL
out of this 102PL reaction solution is added to a plastic
cell which has an optical path length of 1cm and contains
560PL of latex labeled antibody solution that can specif-
ically bind to a glycated site of glycated hemoglobin, and
reaction is promoted for four minutes. Further, 112PL of
0.5Pg/mL composite multivalent glycated hemoglobin
antibody is added to this reaction solution, and an amount
of change in absorbance at 550nm is measured three
minutes later. The same experiment is performed to the
blood samples of the respective concentrations.

[0192] Next, 100PL of 0.5% Sucrose monocaprate and
0.25% potassium ferricyanide solution is added to 2PL
of blood, and this solution is processed for three minutes.
Then, 14PL out of this 102PL reaction solution is added
to a plastic cell which has an optical path length of 1cm
and contains a latex reagent that can specifically bind to
a glycated site of glycated hemoglobin, and 0.5% Su-
crose monocaprate, and a 0.25% potassium ferricyanide
solution, and reaction is promoted for four minutes. Fur-
ther, 112PL of 0.5Pg/mL composite multivalent glycated
hemoglobin antibody is added to this reaction solution,
and an amount of change in absorbance at 550nm is
measured three minutes later. As in the case of using
pepsine, the same experiment is performed to the blood
samples of the respective concentrations.
[0193] Figure 12 is a diagram in which the glycated
hemoglobin concentration is plotted on the abscissa
while the absorbance change amount is plotted on the
ordinate.
[0194] According to figure 12, since the absorbance
according to the glycated hemoglobin concentration is
obtained, it is found that denaturalization reaction of he-
moglobin derivative can be performed by the 0.5% Su-
crose monocaprate and 0.25% potassium ferricyanide
solution, and latex agglutination inhibition reaction can
be performed in the state where the denaturalization re-
agent composition is included.

(Example 2)

[0195] Hereinafter, a method for measuring an abun-
dance ratio of hemoglobin derivative is verified.

(a) Measurement of control for hemoglobin concentration

[0196] Measurement of hemoglobin adopts "Hemo-
globin B-test Wako" which is put on the market by Wako
Pure Chemical Industries Ltd. This is a method for de-
tecting hemoglobin by an SLS-hemoglobin method.
[0197] Initially, creation of a standard curve of hemo-
globin is carried out in the following procedure.
[0198] Reaction solutions are produced by adding he-
moglobin standard solutions of 5g/dL, 10g/dL, and
15.0g/dL, each by 20PL, to 5mL of 3.5mM sodium lauryl
sulfate solution, and a reaction solution is produced by
adding 40PL of 15.0g/dL hemoglobin standard solution
to 5mL of 3.5mM sodium lauryl sulfate solution, and then
absorbances at 540nm are measured in a cell having an
optical path length of 1cm. Figure 13 a diagram in which
the hemoglobin concentration is plotted on the abscissa
while the absorbance is plotted on the ordinate, with the
hemoglobin concentration of the reaction solution to
which 40PL of 15g/dL hemoglobin standard solution is
added being 30g/dL, and this is used as a control for
hemoglobin concentration measurement.
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(b) Calculation of abundance ratio of glycated hemoglob-
in

[0199] Next, blood samples A and B as measurement
targets are added each by 20PL to 5mL of 3.5mM sodium
lauryl sulfate solution. Then, an absorbance at 540nm of
this reaction solution is measured, and hemoglobin con-
centrations of the blood samples A and B are obtained
from the absorbance data of the already-known hemo-
globin concentrations shown in figure 13. Next, each of
the 2PL blood samples A and B is added to 100PL of a
0.5% Sucrose monocaprate/0.25% sodium lauryl sulfate
solution, and the solution is left for three minutes. Next,
14PL out of the 102PL reaction solution is reacted with
560PL of latex solution that is labeled with a glycated
hemoglobin antibody, for four minutes. Thereafter, the
solution is reacted with 112PL of agglutination reagent,
and an amount of change in absorbance at 550nm is
measured three minutes later.
[0200] Figure 14 is a diagram illustrating the hemo-
globin concentrations, the glycated hemoglobin concen-
trations, and the ratios of glycated hemoglobin to total
hemoglobin, of the blood samples A and B, respectively.
[0201] Further, figure 15 shows the result of measure-
ment for the ratios of glycated hemoglobin in the above-
mentioned blood samples A and B, by using an automatic
glycated hemoglobin analyzer (HLC-723GHbV) of Tosoh
Corporation, which provides a standard method for gly-
cated hemoglobin measurement.
[0202] When figures 14 and 15 are compared, it is
found that the results of very high correlations are ob-
tained. It is suggested that sufficient denaturalization of
hemoglobin is performed by processing the blood sam-
ples with the 0.5% Sucrose monocaprate/0.25% sodium
lauryl sulfate solution, and thereby glycated hemoglobin
concentrations can be calculated.
[0203] While in this second example the experimental
result is shown only for the case where the nonionic sur-
face-activating agent is Sucrose monocaprate, the same
result as mentioned above can be achieved with other
nonionic surface-activating agents having denaturaliza-
tion effects.

(Example 3)

[0204] Hereinafter, measurement of hemoglobin de-
rivative using an analysis system shown in figure 3 will
be described.

(a) Formation of analysis device

[0205] Initially, as shown in figure 4(b), a latex reagent
303 comprising a solution that includes a latex reagent
that can specifically bind to glycated hemoglobin and 5%
sucrose is held by vacuum-freeze drying, at an upper
end of a plastic upper case 302a having a length of 0.5cm,
a width of 0.5cm, and a height of 1cm, a bottom surface
of which is opened, as shown in figure 4(a).

[0206] Next, as shown in figure 4(b), 0.2mL of solution
comprising 0.5% Sucrose monocaprate and 0.25% po-
tassium ferricyanide, and a composite multivalent glycat-
ed hemoglobin antibody are injected as a reagent 304
into a plastic lower case 302b having the same configu-
ration as the upper case 302a shown in figure 4(a), and
the case is hermetically sealed with a solution reagent
seal 305, and thereafter, the upper case 301 and the
lower case 302 are adhered to each other with an adhe-
sive agent so that the opened bottom surfaces thereof
are connected, thereby providing the analysis device
301.

(b) Analysis

[0207] Initially, the solution reagent seal 305 is re-
moved, and 0.5 PL of blood sample is injected from an
injection port 306 of the analysis device 301, and then a
case seal 307 is applied to the injection port 306 to her-
metically seal the analysis device 301.
[0208] Next, the blood sample and the reagent 304 are
gently mixed so that the reagent 304 is not applied to the
latex reagent 303 held in the upper case 302a, and the
solution in this state is left for three minutes. Thereafter,
as shown in figure 3, the analysis device 301 is set in the
analysis system 300, and an absorbance at 550nm is
measured by the measurement unit 310.
[0209] Next, as shown in figure 4(d), the analysis de-
vice 301 is inverted so that the latex reagent 303 in the
upper case 302a is mixed and dissolved with the reagent
304, and the solution is left four three minutes. Thereafter,
as shown in figure 3, the analysis device 301 is set in the
analysis system 300, and an absorbance at 550nm is
measured by the measurement unit 310 three minutes
after the latex reagent 303 is dissolved.
[0210] Although a specific description for the meas-
urement unit 310 will be omitted, the measurement unit
310 irradiates the analysis device 310 with light from the
light source 308, and detects the transmitted light by the
reception part 309. Since the measurement unit 310 is
sufficiently available by using a function of a spectral pho-
tometer, a specific description will be omitted. In this third
example, cyanmethemoglobin is measured at 540nm
and latex agglutination is measured at 550nm. This se-
quence of measurement operations is performed on the
blood samples A and B.
[0211] Thereafter, the absorbance values obtained as
described above are substituted in an analytical curve of
cyanmethemoglobin and an analytical curve of latex ag-
glutination inhibition reaction of glycated hemoglobin,
which curves have previously been formed by the anal-
ysis system 300 using a hemoglobin solution and a gly-
cated hemoglobin solution both having known concen-
trations, thereby obtaining hemoglobin concentrations
and glycated hemoglobin concentrations of the blood
samples A and B, respectively.
[0212] Figure 16 is a diagram illustrating the glycated
hemoglobin concentrations, the hemoglobin concentra-
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tions, and the abundance ratios of glycated hemoglobin,
of the blood samples A and B, respectively.
[0213] According to figure 16, the measurement result
of the ratio of glycated hemoglobin which is obtained by
the analysis system 300 is very close to the measurement
result of the ratio of glycated hemoglobin which is ob-
tained using the automatic glycated hemoglobin analyzer
(HLC-723GHbV) of Tosoh Corporation (refer to figure
15), and thereby it is confirmed that the analysis system
300 can perform measurement of accurate hemoglobin
concentrations.

APPLICABILITY IN INDUSTRY

[0214] According to the present invention, since he-
moglobin in a sample solution can be speedily and reli-
ably denaturalized, accurate measurement of hemoglob-
in derivative is realized.

Claims

1. A hemoglobin derivative measurement method in-
cluding a step of processing a sample including
blood components with a nonionic surface-activating
agent and an oxidizing agent to denaturalize hemo-
globin in the sample.

2. A hemoglobin derivative measurement method as
defined in Claim 1 wherein a hemoglobin derivative
that is denaturalized by the processing with the no-
nionic surface-activating agent and the oxidizing
agent is detected by performing an immunoassay
using an antibody that is specific to a denaturalized
site of the hemoglobin derivative.

3. A hemoglobin derivative measurement method as
defined in Claim 2 wherein
said hemoglobin derivative is glycated hemoglobin,
and
the glycated hemoglobin that is denaturalized by the
processing with the nonionic surface-activating
agent and the oxidizing agent is detected by per-
forming an immunoassay using an antibody that is
specific to a denaturalized site of the glycated he-
moglobin.

4. A hemoglobin derivative measurement method as
defined in Claim 2 or Claim 3 wherein said sample
is processed with the nonionic surface-activating
agent having a concentration that does not signifi-
cantly hinder the immunoassay.

5. A hemoglobin derivative measurement method as
defined in any of Claims 1 to 4 further including a
step of measuring the hemoglobin included in the
sample,
wherein an abundance ratio of the hemoglobin de-

rivative to the hemoglobin is calculated.

6. A hemoglobin derivative measurement method as
defined in Claim 5 wherein said hemoglobin deriva-
tive is glycated hemoglobin.

7. A reagent composition for measuring a hemoglobin
derivative in a sample including blood components,
said reagent composition including at least a noni-
onic surface-activating agent and an oxidizing agent.

8. A reagent composition as defined in Claim 7 further
including an antibody that is specific to a denatural-
ized site of the hemoglobin derivative.

9. A reagent composition as defined in Claim 7 wherein
said hemoglobin derivative is glycated hemoglobin,
and
said reagent composition further includes an anti-
body that is specific to a denaturalized site of the
glycated hemoglobin.

10. A reagent composition as defined in Claim 8 or Claim
9 wherein said nonionic surface-activating agent has
a concentration that does not significantly hinder an
immunoassay.

11. A measurement kit for measuring a hemoglobin de-
rivative in a sample including blood components,
said measurement kit holding a reagent composition
including at least a nonionic surface-activating agent
and an oxidizing agent.

12. A measurement kit as defined in Claim 11 further
holding an antibody that is specific to a denaturalized
site of the hemoglobin derivative.

13. A measurement kit as defined in Claim 12 wherein
said hemoglobin derivative is glycated hemoglobin,
and
said measurement kit holds an antibody that is spe-
cific to a denaturalized site of the glycated hemo-
globin.

14. A measurement kit as defined in Claim 12 or Claim
13 wherein said nonionic surface-activating agent
has a concentration that does not significantly hinder
an immunoassay.

15. An analysis device for analyzing a hemoglobin de-
rivative in a sample including blood components,
comprising:

a sample application part to which at least said
sample is applied;
a denaturalization part connected to the sample
application part, for denaturalizing the hemo-
globin derivative in the applied sample with a
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reagent composition including a nonionic sur-
face-activating agent and an oxidizing agent;
and
a detection part connected to the denaturaliza-
tion part, for detecting the denaturalized hemo-
globin derivative.

16. An analysis device as defined in Claim 15 further
including:

an immunoassay part which holds an antibody
that is specific to a denaturalized site of the he-
moglobin derivative,
said immunoassay part performing an immu-
noassay using the antibody after the hemoglob-
in derivative in the sample is denaturalized by
the reagent composition, thereby to detect the
denaturalized hemoglobin derivative.

17. An analysis device as defined in Claim 15 wherein
said hemoglobin derivative is glycated hemoglobin,
and
said device has an immunoassay part for holding an
antibody that is specific to a denaturalized site of the
glycated hemoglobin, and
said immunoassay part performs an immunoassay
using the antibody after the glycated hemoglobin in
the sample is denaturalized by the reagent compo-
sition, thereby to detect the denaturalized glycated
hemoglobin.

18. An analysis device as defined in Claim 16 or Claim
17 wherein said nonionic surface-activating agent
included in the reagent composition has a concen-
tration that does not significantly hinder the immu-
noassay.

19. An analysis device as defined in any of Claims 15 to
18 further including a detection part for detecting he-
moglobin included in the sample, which is connected
to the sample application part,
wherein an abundance ratio of the hemoglobin de-
rivative to the hemoglobin is calculated.

20. An analysis device as defined in Claim 19 wherein
said hemoglobin derivative is glycated hemoglobin.

21. An analysis system comprising:

an analysis device as defined in any of Claims
15 to 18; and
a measurement unit for measuring the amount
of the hemoglobin derivative which is detected
at a detection site of the analysis device.
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